.
° ch?sAlamos

NATIONAL LABORATORY
————— (37.194) ~

LA-UR-20-24358

Approved for public release; distribution is unlimited.

Title:
Author(s):

Intended for:

Issued:

LHCb: Recent results and future plans
Da Silva, Cesar Luis
10th International Conference on Hard and Electromagnetic Probes of

High-Energy Nuclear Collisions, 2020-05-31/2020-06-05 (Austin, Texas,
United States)

2020-06-17




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National
Nuclear Security Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher

recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as
work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom
and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its

technical correctness.



LHCb: Recent Results and Future Plans

Cesar L. da Silva (LANL)
on behalf of the LHCDb collabration.
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Kinematic Coverage
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SMOG
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~ 20 times 2015 luminosity

PbPb collisions limited to 40% most peripheral caused by saturation in the
inner vertex detector (VELO).

SMOG has no centrality limitations.
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LHCb Talks (6

LHC Run3 and Run4 prospects for heavy-ion physics with
LHCb (SCImU6| Be|lﬂ hTTDs://indico.cem.ch/even’r/75l767/con’rribu’rions/377]2]7/)

X(3872) production in high multiplicity pp
(Comeron DeQN hitps.ssindico.cerm.ch/event/751767/contributions/3770929/ )

Open heavy flavor production in pA collisions
(JK]HC“OO WCIﬂg https://indico.cern.ch/event/751767/contributions/3770930/ )

Quarkonia production in pPb collisions
(OSCCII’ BoenTe GCII’CIO https://indico.cern.ch/event/751767/contributions/3770928/ )

[ production in pPb collisions at LHCb

( Hengne LI ntps/indico.cem.chrevent/z51767/contributions/3772965/ )

6/17/20 LHCb: Recent Results and Future Plans 5
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Double Charm Production | (6

Jiangiao Wang's talk

Single Parton Scattering Double Parton Scattering

Phys. Rev. D 96, 074013

Rl

Y \ - Y
0'0

Opposite-sign (OS): D-mesons are formed in SPS

Like-sign (LS): D-mesons are produced in DPS. Should be uncorrelated if there is
No parton correlation.

6/17/20 LHCb: Recent Results and Future Plans 6



Double Charm Production Il [§4s%

Jiangiao Wang's talk

o) | — 1 r 1 1T
S o) :
~l v D'D*/D’D- )
i 1 o D'D*/D*D- ,
i I Average LHCb-PAPER-2020-010
04+ { $ | (in preparation)
02 } ]
. . B <« pp results [JHEP06,141(2012)]
O | | 1 | 1 | |
-4 -2 0 2 4

Like-sign production enhanced by a factor ~3 in pPb
and even more in Pbp

6/17/20 LHCb: Recent Results and Future Plans 7



Double Charm Production Il [§4s%

LHCb-PAPER-2020-010 (in preparation) JiCII’\C]iCIO Wong’s talk
—  2F | ! T T T I ' ' ' '
) - Pop . A __B
= 12_ LHCb pPb/Pbp PP 3 . 0 0
© LOE  [5=8 TeV 3 Ceff — AB
I — (1+9aB)oHps
1.2 - -
e 1 rL 3 0. o -
0.8F = Ooff = d“bt“(b
= I—I_l i
0,6;— vl . DD’ =
04F <4~ Jhp-D° E
3 Model PLB718,1395(2012)
02f ! | t(b) :/f(bl)f(bl—b)d%l
05 0 5
y

® 0. is a process independent effective transverse overlap area of the par-
tonic correlations that produce DPS

e depends on the partonic impact parameter b
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Double Charm Production (6

\/SNN — 8.167eV

LHCb-PAPER-2020-010  Jiangiao Wang's talk
(in preparation)

pPb Pbp

T T T T T T T T T
- I 1.7<y< 37, pT>2 GeV/c? .
- I —47<y<-2.7,p >2 GeV/c? -
Z I Scaled ratio in pp data -
:—[}]f [HI =
- D°D- [] -
o * :
DD .
3 ; “ oy b R
- DD D°D; Eog TApD -
- [}] ) D°D; DD* J/$D° ]
B s DDy -
N D> DD} -
|

Vs =bTeV
o(pp — D°X) = 1004 % 3 & 54 ub,
o(lpp — DtX) = 402+ 24 30 ub,
olpp — DFX) = 170 +4+ 16 ub,
o(pp — D*TX) = 42145 + 36 ub,

JHEPO6(2017)147

pp ratios scaled by the number of
charm-quark hadronization paths into
charm pairs

No significant modification of charm hadronization in pPb and Pbp collisions
compared to pp collisions.
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B-Hadrons (6

2T 13 PRD99,052011(2019 i i ’
F THO P +Du : (2019) Jiangiao Wang's talk
16F Vsxy=8.16TeV [InCTEQI15 = L L B S BN R
L4 b 25<y<35 EPPSI6* p E 1.8 & LHCb RAg =
O E_ -~ Nonprompt W 3 16 ;_ m 8.16 TeV Ag/BO _ pr _;
bt TR,
C ol P 3
0.8 F -#—%’r ﬂ%/ M/ /: = 1'2; :
0.6 F o o A S LT B
04 F E osfF E
02F 3 0.6 - 3
) ' ' R 04F =
2 . — '-+:Dlata; — :A 02 E 2<p,<20GeV/c]
1.8 - LHCDb Pbp r7]EPPS16 = ob Ll o v 1] A I
1.6 E_ sy = 8.16 TeV [InCTEQ15 _f —4 -2 0 2 4
F 35<y<-25 EPPS16* ] y
1.4 2 -~ Nonprompt J/y
_12F = * No stfrong modification of
= 1E = T """" S E baryon/meson ratio
0.8 - E
0.6 F = .pe . .
o4 b 31 + Nuclear modification of B* consistent
oo b E with NnPDFs
0: A BT ! .
0 5 10 15 20 . .
. [GeV/c] « EPPS16*is EPPS16 constrained by LHCb
! D-meson and J/W data
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The Mysterious X(3872) {85

Also known as x.1(3872). Cameron Dean's talk
The x¢1(3872) exotic hadron was first observed in 2003 by Belle in decays of
B—J/yntn. Belle, PRL 91 (2003) 262001

Quantum numbers of x.4(3872) were determined as JF¢ = 1++.

"This result rules out the explanation of the X(3872) meson as a conventional ne(1' D») state. Among the

remaining possibilities are the yc1 (23 Py) charmonium, disfavored by the value of the X(3872) mass, and

unconventional explanations such as a D*° D° molecule, tetraquark state or a charmonium-molecule mix.”
LHCb, PRL 110 (2013) 222001

Compact .
tetraquark/pentaquark Hadronic Molecules
PLB 590 209 (2004)
Diquark-diquark PRD 77 014029 (2008)
PRD 71, 014028 (2005) PRD 100 0115029(R) (2019)
PLB 662 424 (2008)
D0
T
Q Hadrocharmonium/
adjoint charmonium
‘ C§> PLB 666 344 (2008)
e PLB 671 82 (2009) /.
D
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The Mysterious X(3872) {85

)
LHCb-CONF-2019-005 Cameron Dean’s talk
LHCb-CONF-2019-005 fl:\: . - _ LHCb Preliminary
0000~ . LHpib Lrelnen s R 0121~ pp \s =8 TeV
9000 ' g + " - -
8000;- %“ ++++++ \s. ; 0.1 + + Prompt
= " 3 g B
" T T 2SO -+ b decays
60005— . 30003*+++**++”++++++ F :L 0.08— _+_
5000/ s AN ~ T o -
4000E- . My, MeVic?] N @) |
30001 s Y ST % N 0.06— -
2000E ’." ;MMV*WMW - v‘a S“ B
oo X | 0.04f
= e b b b b by gy m m —
3650 3700 3750 3800 3850 3900 3950 e B %
M sy IMEVICY] <1 002 $ p,>5GeVic
5l@ [
(32 N -
VB s‘ O 11 1 | 11 1 | 1 1 1 I 11 1 | L1 1 I 11 1 | 11 1 l | - | 11 1 I 1 1 1
b& © 0O 20 40 60 80 100 120 140 160 180 200
NVELO
tracks

non-prompt X(3872) (from B decays and away from interaction point)
shows no significant dependence with multiplicity

prompt indicate a strong dependence with multiplicity, systematic uncer-
tainties are point-to-point correlated
6/17/20 LHCb: Recent Results and Future Plans 12



The Mysterious x.,(3872) {85

"Probing X(3872) structure via final state interactions" Cameron Dean’s talk
A. Esposito, E. Ferreiro, L. Maiani,, A. Pilloni, A. Polosa and C. Salgado. .
Paper in preparation Elena Ferreiro’s talk
B 01 F Tomma— https://indico.cern.ch/event/7
§ ' e, 51767/contributions/3770953/
% 0.08- e T —

o0sk e e SR « Theoretical curve normalized

o~ A to experimental result in the
a2 e first bin
0.02 - i
o b SR g ., |1+ <n>mean pp multiplicity
1 v 1.5 2 25

( » Molecular particle would
disappear with modest
multiplicity

molecular tetraquark

« Tendency that X(3872) is a
compact tetraquark of 1.3 fm
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Z-bosons in pPb and Pbp

CHE

Henge Li's talk

50 |
45 LHCb Preliminary FEWZ NNPDF31
40 FEWZ NNPDF31 + EPPS16
3 5 V SN = 8.16 TeV FEWZ NNPDF31 + nCTEQI15
3 O +J of data
25
20
15 ®
10

5 LHCb-CONF-2019-003

O ]

pPb Pbp
x~10-3 x~0.3

Experimental uncertainty smaller than nPDFs.
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Final-State Effects in Quarkonia

JHEP10(2017)0%0

e

Oscar Boente Garcia's talk

2T 7 ' T — T T P e e T L L R

i +Rppb(J/\u)/Rpr(D°)0 I\/‘SH—CBS TeV & 1.8 LHCb JHEP 11 (2018) 194 1

I NN : W :

15k TRy (W2S)R (D) ] 2 g L6 _ comovers ]

B S5 Y (28)/T(1S) f

—~ C N

- n o 1.2F -

1F 1 & f R (wPvPbp) /pp :

A —4— w s 1f ——

i QU 0,8M/%€

l % == 06k E

05 %— 1 &R R Y(BS)/T(1S) :

i : (pPb|Pbp) /pp -

[ . . . | 0.2F S =8.16 TeV

L L 1 L 1 L L AT S [N TR TN S N VRN SO TR AN ST MY TN (NN SO SO S NN S
L 2 0 2 4 = 2 4

y y*

e LHCb can measure J/1, ¥(2S), Y(1S,25,3S) and D% from pr > 0
e the J/1/D° and T(2S,35)/T(1S5) should have initial state effects canceled

e error bars are the quadratic sum of statistical and systematic uncertainties

e finial-state effects in excited state quarkonia
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Some Resulis in the Pipeline
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FUTURE PLANS
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A New Detector in LHC (S

Samuel Belin's talk
[ Software-only trigger ]/ Upgraded calo front- | LHCb-TDR-12

end electronics,
New tracking } remove SPD/PS

stations
pcar HCAL Ma M5

M3

Magnet SciFi  RICH2 M2

New pixel ~_Tracker i |
VELO |__ur/ZJ il Upgraded
\ | | 1 muon
=== \fH . | | front-end
E’(e)rct:t)/;r //:| f electronics,
IOPES P reve remove M1
y / ) D / ‘ ! — L — )
UNTITE | el
[ NewRiCHPMTs + | b il |
Lupgraded eIectronich -
40 MHz data acquisition o .
No hardware frigger PbPb limited to the 70% most perlpherOI

Real time data reconstruction events.
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A New Detector in LHC

el

Samuel Belin's talk

J To be upgraded

[ Upgraded LHCb detector

Data acquisition )

( Detector channels J ( Readout electronics )

HCAL MUON 2-5 HCAL  MUON 2-5
ECAL ECAL

VELO PS

PS VELO

Event Filter R/O Network
farm

SPD SPD

M1 M1

RICH2 RICH2

RICH1 RICH1

Event Builder
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SMOG2 cell

Samuel Belin's talk

« 100x higher gas pressure

o <6% luminosity uncertainty
* No centrality limitation

« Canrun during pp runs

Numbers for one run year operation

SMOG SMOG SMOG?2
LHCb-PUB-2018-015 published result largest sample example
pHe@87 GeV pNe@69 GeV pAr@115 GeV

Integrated luminosity 7.6 nb™" ~ 100 nb—" ~ 45 pb~*

syst. error on J/i) x-sec. % 6 - 7% 2-3%

JNp yield 400 15k 15M

D° yield 2000 100k 150M

AT yield 20 1k 1.5M

Y (25) yield negl. 150 150k

T(1S) yield negl. 4 7k

Low-mass Drell-Yan yield negl. 5 9k
6/17/20 LHCb: Recent Results and Future Plans 20



CONCLUSIONS (6

LHCb data is already providing essential information for the
understanding of hard probes in Heavy lon collisions

New results on double charm production provide rich material for
the study of parton correlations

LHCb presents the first result where comoving particles can be
used to understand exotica composition. Other exotic particles
may come, thanks to the excellent PID and vertexing of LHCb

Several results in the pipeline, others waiting for analyzers

Bright future after LSl with less constraints in PbPb collisions and @
high luminosity, fixed target program

Very nice opportunity to explore new territories in heavy ion
collisions. JOIN US !
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